There have been few reports in the literature of total elbow arthroplasty extending beyond 10 to 15 years. We reviewed 40 patients (41 elbows) with a mean age of 56 years (19 to 83) who had undergone a Coonrad/Coonrad-Morrey elbow arthroplasty by one surgeon for various diagnoses between 1974 and 1994. Surgical selection excluded patients with previous elbow infection or who refused to accept a sedentary level of elbow activity postoperatively. Objective data were collected from charts, radiographs, clinical photographs and supplemented by the referring orthopaedic surgeons' records and radiographs if health or distance prevented a patient from returning for final review. Subjective outcome was defined by patient satisfaction.
There have been few reports in the literature of total elbow arthroplasty extending beyond 10 to 15 years. We reviewed 40 patients (41 elbows) with a mean age of 56 years (19 to 83) who had undergone a Coonrad/Coonrad-Morrey elbow arthroplasty by one surgeon for various diagnoses between 1974 and 1994. Surgical selection excluded patients with previous elbow infection or who refused to accept a sedentary level of elbow activity postoperatively. Objective data were collected from charts, radiographs, clinical photographs and supplemented by the referring orthopaedic surgeons' records and radiographs if health or distance prevented a patient from returning for final review. Subjective outcome was defined by patient satisfaction.
Of the 41 elbows, 21 were functional between 10 and 14 years after operation, ten between 15 and 19 years and ten between 20 and 31 years. There were 14 complications and 13 revisions, but no cases of acute infection, or permanent removal of any implant.
Over the last 30 years, semiconstrained arthroplasty has evolved as a reliable treatment for the degenerative elbow, but with limitations. Improved understanding of the kinematics and biomechanics of the normal elbow [1] [2] [3] [4] [5] [6] [7] [8] has highlighted the importance of laxity of the implant, dynamic muscle support and prosthetic alignment. 9 In 1973 the original Coonrad total elbow replacement (Zimmer, Warsaw, Indiana) (type-I) incorporated high-molecular-weight polyethylene bushings but had only 2˚ to 3˚ of laxity at the articulation. In 1978 the design was modified to allow 7˚ of varus/valgus laxity (type-II). This change reduced the incidence of aseptic loosening. [10] [11] [12] In 1981 the addition of an anterior flange with an associated bone graft and porous coating of the components (type-III, Coonrad-Morrey) further decreased the incidence of loosening. 13 From the outset, the Coonrad total elbow replacement and its derivatives were intended for patients undertaking sedentary activities, regardless of the aetiology of the destroyed elbow. In 1982, Coonrad 11 presented results of the type-I and type-II prostheses with a mean follow-up of seven years. Subsequently those for the Coonrad-Morrey type-III prosthesis have also been presented. [14] [15] [16] However, there have been few survival reports of any semiconstrained elbow arthroplasty extending beyond 10 to 15 years. [13] [14] [15] [16] [17] [18] We have therefore analysed the long-term function and survival of a single surgeon's series of consecutive linked semiconstrained total elbow replacements for all diagnoses.
Patients and Methods
Following approval of the Internal Review Board, we retrospectively reviewed a consecutive series of 65 total elbow arthroplasties (64 patients) performed by a single surgeon (RWC) between 1974 and 2002. All the patients were assessed. From this series, 40 patients (41 elbows) with a minimum follow-up of ten years qualified for this long-term study, of whom 31 (77.5%) were 60 years of age or older at the time of operation. Their mean age was 56 years (19 to 83). The 24 who had a follow-up of less than ten years were excluded for longevity considerations alone. Survival data included the Mayo elbow performance score, 19 a complete review of the medical records, pre-and post-operative radiography and photography and a final clinical examination by either one or two of the authors (n = 19 elbows). An examination was conducted on behalf of the authors by a local orthopaedic surgeon in addition to a review of radiographs, if distance or health precluded return (in addition to our own records) (n = 13). In the case of nine deceased patients, function was verified beyond our own records by the referring orthopaedic surgeon's report in five and by an immediate family member in four. The presenting diagnosis in the 41 elbows was post-traumatic arthritis in 24, inflammatory arthritis in 12, osteoarthritis in four and tumour resection in one. The patient who had undergone resection of a giant-cell tumour presented with a flail elbow four years after an arthroplasty, which had failed at one year. There were 15 men (one bilateral case) and 25 women, with 27 right and 14 left elbow replacements. An early type-I prosthesis had been used in two elbows, a type-II prosthesis in 17, and a Coonrad-Morrey type-III prosthesis in 22 (Table I) . A humeral stem eight inches or more in length had been used in 24 elbows. No patient had a previous history of joint infection. A total of 30 patients had had previous operative treatment on their elbows. Seven presented with a failed previous total elbow arthroplasty (one to three previous replacements) and eight with nonunion of a supracondylar fracture and instability. One initial arthroplasty had been carried out in an elderly patient for a severely comminuted distal humeral fracture and another for ankylosis of the elbow in extension in a patient with traumatic hemiplegia in which the contralateral arm was paralysed. The main indication for arthroplasty was pain in 36 elbows and/or instability in 15, of which five had a flail elbow and one an ankylosis.
There were two exclusion criteria for arthroplasty, namely any previous history of elbow infection or refusal to accept a sedentary activity level after replacement. Operative technique. The operations had been performed in a theatre equipped with ultraviolet light sterilisation in all but two cases. 20 Antibiotic prophylaxis had been given at operation and continued for three days. After 1988, 1 g of tobramycin was routinely added to 40 g of bone cement. A pneumatic tourniquet was used for one hour only and released thereafter. A posterior triceps reflecting approach 21 was used. Before closure, the ulnar nerve was transferred in all patients to a subcutaneous pocket without a fascial sling, assuring full laxity and excursion of the nerve through a complete arc of movement of the elbow. The one exception was in a patient with a known pre-operative traumatic segmental defect of the ulnar nerve. The tricep was re-attached to the olecranon by non-absorbable sutures through drill holes. 22 Post-operatively, the elbow was immobilised in full extension with a heavily padded anterior splint to avoid pressure on the wound, and was elevated above shoulder height for five days. Assisted mobilisation was begun in person by the operating surgeon on the fifth day. At the time of discharge from hospital, patients had been taught a daily exercise programme and fitted with a removable padded splint to be worn at night for five days with the elbow held at 90˚ of flexion. Physiotherapy was not prescribed. Patients were followed up by a clinic visit at two weeks and thereafter as indicated. Many patients living at a distance were followed up by their referring orthopaedic surgeon who reported on their condition and were seen by the operating surgeon at yearly intervals if possible.
Photographs showing the range of movement were taken pre-and post-operatively, at follow-up, and were frequently included with the follow-up report of the referring orthopaedic surgeon. Radiological assessment. Pre-and post-operative radiographs of the elbow were taken in full extension (anteroposteriorly) and with the elbow at 90˚ of flexion (lateral view). The cement fixation was assessed on the immediate post-operative films and at the last follow-up. The extent and location of any osteolysis was subjectively categorised as mild, moderate, or severe. Loosening was determined by radiological findings and the presence of pain, crepitation and instability at clinical examination.
The Mayo Elbow Performance Score system 19 used to evaluate the functional status, included range of movement, pain and activities of daily living. Survival analysis. For survival analysis the end-point of failure was defined as permanent removal or revision for any cause, with or without exchange or replacement of the implant or any part of it. Wear of the polyethylene bushings was, to some extent, anticipated with time. Thus, replacement of bushings alone or contemporaneous exchange of the implant in part or in whole because of wear was recorded as failure for survival analysis but was not considered to be a functional failure in the assessment of the Mayo Elbow Performance score at the final follow-up. 23, 24 Statistical analysis. For the data on range of movement this was performed using Student's t -test. A p value ≤ 0.05 was considered significant. The life-table method was used for survival analysis.
Results
Of the 40 patients in the series, nine had died. Using revision or permanent removal as the end-point, there were 13 failures (31.7%) in the analysis of 41 total elbow replacements. However, all the elbows which required revision of a component or exchange of a bushing were contemporaneous and considered as exchanges. Six underwent revision and five exchange of bushings. Seven were still functional at 10 to 14 years, three at 15 to 19 years, two at 26 to 29 years and one at 31 years from the initial arthroplasty (Table I) . Of the 13 revised elbows, 11 had additional revisions (two to four), with a cumulative total for the group of 24 reoperations. Bone grafting was required in five of the revi- sions. New bushings were used in every case. The humeral component was replaced in two elbows, the ulnar component in four, one of which was converted to a smaller size with an allograft, and both components were replaced in three. Two were revised from a type-I or type-II to a type-III implant. A total of 28 (68.3%) elbows had not been revised; of these 14 were functional at follow-up at between 10 and 14 years, seven at between 15 and 19 years, six at between 20 and 25 years and one at 31 years (Table I ). The mean survivorship was 17.5 years (10 to 31; Fig. 1 ). All 41 total elbow replacements were functional without clinical or radiological evidence of loosening at the time of the final follow-up.
23,24
The mean pre-operative Mayo Elbow Performance Score for the 41 elbows was 38 (0 to 65). The mean postoperative score at the latest review was 91 (50 to 100) representing 33 excellent, seven good, and one fair result. At their last review, all 40 patients were satisfied with their outcome and reported that they would undergo the procedure again (Table II) . The mean functional survival time for the 41 elbows followed up from 10 to 31 years, was 18 years. The functional survival time to follow-up according to the type of implant used (type-I, type-II or type-III) is given for those without revision, and for those having one or more revisions in Table I . For the group, the mean flexion improved from 91.6˚ ( SD ) to 125.3˚ ( SD ) and the mean extension improved from 37.5˚ ( SD 26.3˚) to 19˚ ( SD 14˚). Improvements in flexion and extension were statistically significant with p < 0.01.
Complications. There were complications in 14 patients. Of these, five had transient paraesthesia of the ulnar nerve which resolved in less than two weeks. One with a previous head injury and ankylosis of the elbow developed heterotopic ossification in spite of the peri-operative administration of indometacin. The heterotopic bone required subsequent resection. Six patients had aseptic loosening with osteolysis and two had a fracture of the stem, one ulnar and one humeral.
Five patients required simple exchange of bushing because of excessive wear. These were undertaken at two, four, eight, nine and 15 years, respectively. The patient requiring new bushings at two years had failed to comply with post-operative instructions and had undertaken strenuous agricultural labour. Two patients complained of pain after a second revision requiring analgesia at the final follow-up. There were no intra-operative fractures, postoperative infections or permanent nerve injuries. All 13 patients who had undergone revision admitted to some non-compliance in spite of the mandatory sedentary use restriction agreed upon before surgery.
There were two cases of late infection. One patient underwent dental surgery one year after elbow arthroplasty and developed a deep infection in the elbow within a week. She had been referred for peri-dental antibiotic cover before the dental surgery. Candida was cultured from the elbow after a week. Open drainage and debridement of the wound and closure using an abdominal flap was required. The elbow has subsequently been functional without revision for 24 years. The second patient to have a late infection was the first in this series to have an arthroplasty. The planned surgery was deferred at outset for a month because of gonococcal urethritis. One year after arthroplasty he again developed gonorrhoea and swelling of the elbow followed within a few days. Aspiration produced a pure culture of Neisseria gonococcus . The elbow was aspirated again several times and developed a superimposed staphylococcal infection. Open drainage was required and intravenous antibiotics were given. Multiple debridements were needed and the elbow was treated with twice-daily antiseptic lavage with the wound open for one month until the infection was controlled. Closure was then effected with the help of relaxing incisions. This patient's original type-I Coonrad implant was revised to a long-stem Coonrad-Morrey type-III implant without cement ten years later and an exchange of bushing was carried out at 26 years. The elbow remains functional at 31 years after the initial surgery (Fig. 2) .
Radiological assessment. Radiological assessment of the initial implantation showed satisfactory cement mantles in 39 of the 41 elbows with extension of the cement beyond the stems of the component. The cement mantle was unsatisfactory in one and of borderline quality in another. This did not result in loosening. Of the six replacements in our series which required revision for loosening, one had mild osteolysis of the humerus and ulna at the initial operation, which was itself a revision. This elbow was exchanged for a type-III prosthesis without cement and no increase in osteolysis was evident 21 years later at the final follow-up at 31 years. Four of the six revision elbows were revised with longer ulnar components because of moderately severe ulnar osteolysis. One had mild osteolysis, which required a new ulnar component and repeat cementing. There were varying degrees of increased cement-bone lucency around both the humeral and ulnar components which was noted on radiographs of all elbows in this series, but the extent of the osteolysis did not relate to the duration of implantation. In the absence of annual stress views, which were not obtained routinely during the earlier years, our experience does not document the rate of wear of polyethylene of the implant. However, worn bushings removed at surgery in some of our non-compliant patients, when compared with those from patients stating sedentary compliance, implied a temporal correlation of the level of activity to the rate and extent of wear (Fig. 3 ).
Discussion
Our knowledge of the biomechanics of the elbow has evolved since 1970 and improvements in design have allowed increased survival for both linked and unlinked replacements. Increased bushing wear as a cause for revision has been reported in patients with post-traumatic arthritis and in those with deformity, especially in younger, more active patients. 10 Although little has been reported to correlate limitation of activity and compliance by the patient as a factor in functional survival, 25 the correlation with polyethylene wear is commonly accepted. The biomechanical limitations of prosthetic design and factors in patient selection have been previously described. 22 In our experience, careful selection of patients for an elbow arthroplasty is crucial and replacement should be deferred until all other options have been exhausted. Since no linked implant to date has been shown over a period of time to tolerate strenuous activity, [5] [6] [7] [8] it is reasonable to consider that patient overuse is an important factor in survivorship. Non-compliant, younger and Follow-up (yrs) % Surviving Fig. 3 Survival analysis of total elbow replacement.
THE JOURNAL OF BONE AND JOINT SURGERY trauma patients who exceed limited loading can anticipate an earlier need for revision due to increased wear of bushings, which may lead to metal-to-metal abrasion, particulate osteolysis and metallosis. 25 For those patients with sufficient bone stock, intact ligaments and a stable elbow, fascial interposition arthroplasty as an alternative can allow a greater range of stressful activity and may delay the need for a total elbow replacement in the younger patient. 26 Arthrodesis may still be an alternative in the manual labourer or individual who can compensate for loss of movement in exchange for relief from pain or instability in a non-dominant upper limb. Normal shoulder function is a prerequisite for this option. However, arthrodesis is seldom now considered to be acceptable by patients. 27 Complete or hemireplacement cadaver osseous allograft may be another option in selected younger patients, if it is accepted that progressive Charcot-type joint destruction is inevitable, leading to further operative treatment. 28 All the patients in our series agreed pre-operatively to limit their elbow replacement to sedentary activities but all the patients requiring revision admitted to overuse of the elbow.
Our experience suggests that the limiting factor for the long-term success of the Coonrad and its successor the Coonrad-Morrey prosthesis is wear of the polyethylene bushings. The correlation with gross deformity not corrected by soft-tissue balance at the time of surgery has also been documented.
If bushing wear is monitored, preferably annually, and does occur, it can be managed reasonably by a bushing exchange. A stress radiograph showing varus-valgus laxity of more than 7˚ would indicate bushing wear and if beyond 10˚, severe wear. 29 Since 31 of the 40 patients in our study were 60 years old or more at the time of the initial arthroplasty, we recognise the limitation in our study of the partial use of third parties to obtain final data for those patients in nursing homes, living at a distance, or who are deceased. However, each patient was accounted for and their function status verified and assessed.
In this series of 41 consecutive Coonrad-Morrey elbow replacements in 40 patients, undertaken by a single surgeon, with a minimum survival of ten years, using permanent removal of the implant and revision as the end-points, 28 were not revised. Thirteen had one to four revisions and all elbows were still functional until the time of final evaluation or death. Failure of the bushings occurred in five elbows and was associated with overuse and pre-operative deformity in all. At their last assessment at a mean of 18 years (10 to 31 years) after replacement, 33 total elbow replacements were rated as excellent, seven as good and one as fair, using the Mayo Elbow Performance Score system.
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